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Abstract’

AIThngn it fs readf!y recogni zed that there is a need for.ground
fruTh To provide adequafe guidance for remote sensfng daTavinTerpreTaTien; if'
is aiso noted that, in ferms of fadar cemote sensing, this ground Trufh is h
often inadequate. éecause radar "views the worid" a+ relafively lonngave--
lengths which have some penetration capabilffy but a!so are affected by the
elecTr;cal and phyS|cal properT:es of the surface upon ‘which they are |
impinging, it is considered necessary To make basic elecfrlcal and phy5|cal
measurements of this surface and to some depTh below it. This paper presents .
a brief outline of such a grcundefrufh scheme, specifically, The measurement
" of the dielectric constant. Two porTable instruments were designed specnf:callyv_
for this purpose; these are (1) a Q-meter for measuremen+ of dielectric constant
and loss tangent and (2) an instrument to measure elecTrlcal properties of. the
two operating frequencies of our imaging radar, AlThough exTen5|ve daTa are.
facking, several general cases of radar-earth surface and inferaction are
described; also, examples of radar imagery and some data on ice and sncw
are presenTed The paper concludes Thaf the next- log;cai step is To beg|n
to quantify the radar ground truth in preparation for machine interpreftation

and automatic data processing of the radar imagery. "‘ . S
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| ntroduction

One of the prime reguirements for proper uTlllzaljon and interpretation
of remotely-sensed data, that is, the conversion of raw data into useful and
usable lnformalion is the collection of ground—lrulh data. Tne dlrecl
relationship between what is seen visually (but not necessarlly percelved)
and that collected by panchromallc photography is obvnous. A dlfflCU|Ty
ln the remoTe sensing field is- oflen the change in perspecllve of the two views p
(ground truth vs. remote senSIng). Wllh The longer wavelengfhs of Thermal
infrared, it is often difficult to relate the two vlews.; Our eyes observe
one aspect of The‘scene (i.e., Tne vlsible) but the remote sensor delecls
another (e. g', heall Small and portable lnslrumenls are avallable to aid us
in the collecllon of Thermal data at selected sites (e g., Thermal radlomelers,
thermometers). At even longer wavelenlhs, the problems of relallng the V|5|ble
scene and Thal sensed by the remote- sensnng apparalus becomes lncreaSIneg |
difficult, and, at the radar wavelenglhs of concern in +h|s paper (3 and 20 cm)
the relallcnshlp is not at all obvious. In addlllon, because persons aTTempllng
to interpret radar imagery and those providing Tne grcund—lrufn'lnformalion are‘
offen from enllrely different backgrounds and training, IT is of preSS|ng
lmporlance that we proceed fo quantify bolh lhe ground truth and the remolely—
sensed data. Only after quantification will we be able to successfully |
store, refrive, and slalisllcally analyze The dala and'Thus properly'allack
the problem of environmental monllornng and. measuremenl using airborne radars

The problem is not only the quanllflcallon of bolh Types of data but- also

;
i

the need to make these data collections as simullaneously as posslble. It/
the concern were only‘for the size, shape, and relative location of.bulldlngs,
forests, or highways, it would be possible to do lhe groundblrulh measurements
at any time within several days (or even months) of The remotely-sensed data

collecllon. Conversely, when dealing wnlh fealures which are more unsTable and
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ephemeral, it is necessary to make the time lag between the two dara_col—
lections as short as possible.

Finally, although it is often possible fo remove portions of Thé scene
from their natural IocaTions and study them at the ladorafory bench, this may
subJeCT the sample to changes durlng collection, storage, and Transpor+a+|on.
For example The col!ecTton of a 50|l‘sample for later testing can lead To
greaf}y ‘altered sTrucTure, poros:Ty, permeablllfy, and mO|sTure condlflons,
~ whereas the chemncal consTnTuenTs and, in ganeral the graln-S|zed d|s+r|

.buTion af the sample will have remained unaltered. In the case of snow, Tlmév
~along is:SuffidienT to alter the physical proparfies C1]. Thus, the nature of '
the study determines, to a Iarge degree, +he.na+ure of.fhe applicable ground
.TrdTh which Should be used in support of the remote-sensing oderaTion. "The
organization and conduct of the grodnd-*rufh porTion,of‘a coﬁplefe remote
sensing study are.discussed in several recedf papers L2, 3]. |

Numerous papers concernlng the lnTerpreTaflon of radar |magery and the
_ nature of radar backscatter from the ground are ava:lable [e g , 4,51, There
is no need to reiterate fhese at langTh. However, it is insfructive fo simply
present the radar eqdafion [6] to illustrate the naTdre of the paraméfars_

affecTing the backscatter or reflection of radar waves.

2.2
. PT D -
LI
) | (4m> R*
in which: S = received poWer (i.e., backacaffer)ir
P+= transmitted power. ;

G = antfenna gain
\ ‘ A= Qavelengfh of emitted EM wave
| o= echoing (scaTTarfng) cross section
. R = range

Several of these parameters (P+, G, \) are funcfionsvof the radar
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instrument design and operation, one (R) is concerned wiTheThe_reIaTive
lecaTion of‘The.scene fo The radar anfenna, and the other (&) is a function
-of the nature of The TargeT. Baeically, The scafferiné cross-secfion.cr,is
determed by: | |
(a) the noughness of the surface relative to A
(b) the elecfrical‘properties ef The hafenial in the scene
{c) the roughnees of,eny subsurface Iayers-prior +Q whicn fhe'
‘attenuation is insignificant C71. | o |
Many studies haQe been conducted in‘which both theoretical and
empirfcal_measuremenfs of the ecaffering cross—seé#ien are:considered
[e.g., 8]. However, there have been few attempts to relate measuremenfe~bf the
:surface electrical properties (specifically the dielectric constant) to the
rader images. | |
An example of the type of fe;Ture which werare a++ehpfing to ground
truth and }nage is given in Figure'l. Figure la, fliusfrafing ice in Lake
superior, cIearly shows the open waTer and ice floes. ‘Figure Ib, an enlarge-
ment of a portion of Figure la, indicates,.in add|T|on, a series of tonal
variations on one ice floe. The cause of These variations is unknown»because
-ground Fruth is lacking and beeause the panchromatic phofoérenhy showed a
~ continuous th%e with no detectable variations in tonal |
signature across this floe. [t is suggested that these variations are eld
crusted snow surfaces, now presumably buried by more recenf drlanng and
falllng snow. Thus, the vartaT|ons noted on the radar lmages probably reflecfkj
variaTione in both densnTy and elecfrlcal properfles throughout The snow &
drifts. A complete report on this particular radar projecT.iS:avaiIabIe
[9]. It is also hypothesized that, given the proper condiTions: radar\eould
" detect meisfure changes in snow cover; should this prove correct, it would be

of considerable importance in forecasting runoff from hydrologic basins having

significant snow cover during hte late winter and early springbperiod. I+ has



been suggested [iO] that radars (in this case, K-band) can defecf changesvin
soi | moisture over an area; it is also recognized that snowfields‘can be
deTecTed on K-band radar imagery.[]l], 'The nexT logica!,sfep,.if‘would appear,
is to approach the question of quanflflcaflon of both the ground Trufh and .
the radar lmage in order to prepare These daTa for machine anaIySIS
Review of Work |

‘Mosf active mlcrowave.rmaglng systems ThaT have been developed and flown
are destgned tTo operaTe at a snngle frequency, u+|112|ng only the bandw:dTh
necessary . To realize the range resolution requ;red These radars have been
used for a wide'variefy'of applications, |nclud|ng millfary uses, carTography,» _
and a variety of earth scfence studies. The Ilferafure confalns many :
applicafions, both real and poTeanal." For example, uses for radar imagery |
have been defined.for carTOgraphy.[lz,ISJ, local_geology-[l4,l5], geomorphology
- Lt6d, and for ice stdies Ci7,187. RelaTively'compleTe biblfographies-
listing numerous geoscience applications of radar are avallable [e g., 191,

MuITI —~parameter radar systems have been used To obtain a measure of
the cross- polarlzaT:on (i.e,, dipolarization) raTlo of The back-sca++ered ‘.
signal. Because this ratio is strongly dependen+ upon The elecfrxcal proper—-f
Tles of the scene [20] studies and expernmenTs have been conducfed aTTempT|ng
fo use this ratio to deTermlne additional |nformaflon abouT The scaffer|ng
surface.. Such lmagery (of the Pisgah Crater, CA. reglon) has been obTalned o
and studied at various polarlzaflons C21]. Geologlc sTudxes comparlng opTlcal
and mulfl—polar;zaflon radar imagery shownng such feaTures as faulfs, frac— .Fﬂ
Tures, and lineaments are also available [22,237.

Very inTeresTing experiments have also been conducTed usino fhe cross- i
polarization ratio obtained from radar backscatter from The moon [24].\'These'
experiments provide a measure of the cross—polari;afion ratio (Q) as a func+jon

of the incident angle (ei). The resulting curve (Q vs. Qi) is a function of
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the dielectric constant of the scattering surface [25]; EsTimaTes'haVe been
made of the dieleclric consant of the surface of lﬁe moon asing.such:dala.

‘The lunar radar experlmeﬁl does nol result ln'a microwave "iﬁage" such
as we are plannlng to utilize, but it is clear that the lmplemenfallon and
_results are applicable. This is also true of the work reporled by Brown [26]
en an experlmenf designed to sludy the use of mlcrowave backscallerlng To
deTermlne electrical properties of the earth's surface. The work of Lundlen
>[27] and Dickey, et al. [28] is also of imporlaﬁce at this Junclgre. In both
cases, the techniques and reeulls are applicable to our efforle; . |

~Multi-wavelength radar sysfems ha;e also been used to prOV|de near—.
simultaneous images from which a measure of Tﬁe roughness of the scaTTerlng
surface can be'inferred. For example, the U.S. Navy and U.S.,CoasT'Guardl
have conducted experimenle Qslng a four—frquency‘radarAsyslem Te idenllfylb
, areas of varylng sea surface roughness [29,30]. ’ |

IT is clear from a'consideralioﬁ of the resulls ef the many'relaled
experlmenls u51ng acllve mlcrowaQe sensors Tha+ the xnlerprelvve polenllal
of microwave |maglng radar has not been fully reallzed The system»para—
meters to be ullllzed in addition to the lmage of the surface, are (a) multi-
wavelenglhs, (b) multi-polarization, and (c) amplllude callbrallon. ll.ls
expected that by oblalnlng.measuremenls utilizing as many 6f the paramelers
as possible within a single sensor system, consnderable addlllonal information
can be obtained by conducting the proper analysle of the radar signal. lhis
ahalysls will require digital cohpulalion. | -~

Clearly, the credibiliTy of lnlerprelallon of microwave data requires
a goed foundation based upon proper greund-Trulhvexamples. -Thls baper |
presents such an experiment and the reeulls.fromllhe-firsl phase of a leng—

Term program.
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The Radar System

The EnVIronmenTaI Research lnsTnTuTe of Mlcﬁlgan, underba NASA confracf
(NAS9-12967) with MSC, Houston, Texas, has lnsTrumenTed a radar sys+em which
operates simuITaneously at wavelengths of 3 cm and 20 cm, and»recelveS‘boTh
parallel and cross-polarized sngnals at boTh wavelengfhs. This equipment is
presently |ns+a||ed in a C-46 aircraft. Although The sysTem w1ll Transmtf only
one polar:zaf|on durlng any given data col lection pass, it may be conflgured
TO.Transmif-eITherrW|+h hors;onTaI or vertical polar|zaT|on. Mlcrowave :
backsca+fering daTa wfll thus be available to provide.four separate imagea
-of a mapped area for each aircraft pass, e€.4g., X(HH,HV) and L(HH,HV) [3{].
The radar signal is then converfed into an ou+pu+ image by ufflizidg opfical-:
data process;ng Technlques [32]. | | |

Hardware is avallable to convert the output map 1n+o dlg:TaI form for -
analyf Th|s consists of an image dissector Tube to scan the oufpuT lmage o
and an AD (analog To—dlglfal) converter whose output is recorded on magneflc
dlglfal tape. The software will be de5|gned for each parflcular daTa—
prooesSingbalgoriThm. Of primary |n+eresT in this work will be the cross—.r
polarization raTlo obfalned for The operating wavelengfhs.d These daTa are .i’
expected to provide the greaTesT insights into remofely measurlng The due!ec-‘
Tr|c constant of the earTh's surface maTerlals, and, Through analogy, obTa;nlng
~a measure of The m015+ure oonTenT of these ma+er|als. : h :

An additional important capability of the new multi-wavelength, mul+i -
polarization radar is iTs‘reso{uTion oapabilffy; Resolution as fine as LQ
meters in bofh azimuth and range can be realized.. Thds, an infegral part of Vf
the overall objective of the work iavToid+i|ize The oarameTer:of‘fine resolu;

tion'in the interpretation of the imagery. N
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‘The microwave signaTure.wi!l consist of meaéuremenfs of (a) The créss—’ :
_polarlzaTlon ratio Q at both wavelengths, (b)- The value of backscattered
~energy at the two wavelengfhs SL and Sx, paral lel- polarlzed (HH,VV), (c) Thel'
ratio of the values of SL'and SX, and (d) the ratio of Theivalues of Q
obtained at the TQo_wavelengfhs (P = QX/QL). The»Value of Thg sigqafure
parameters will be obtained as spatial statistical averages over the aféa of
~interest. .Clearly, +His will be 6bTained using the digifal.fecﬁniqueSj
described above. | | | H

The Experiment
- The queéTions to be aﬁswered utiimately by meénS'of the -information Qb--
tained during the complefé expefimenT are: .. o

(a) Are the ground truthing Techhiqpes uéed adeqﬁafe? Thé+ is, can The 
,gréund parameters be déférmined in fhe'field-wifh suffiéieﬁfvaccuracyrand |
cthisfency? | |

-(b) Can characTerisTic signatures of ice and snow Types be défermined by |
using The.four signaTures.proposed (X-band, HH, HV; L-band, HH; HV)?» |

(c) Whaf is the sensifivffy of the radar sysTem, i.e.,:how much variation

in the electrical propeffies and geomefricél pererTies cah be recognfzed
with this technique? | | |

(d) Is this fype of data applicab]e to digifizafion,‘digiTaI‘processing;
and automatic interpretation? | B | | ‘

(e} Can anélog optical techniques be used_iﬁ da+a reduction?

The first phase of the experiment emphasized in this paber is concerned
~ with questions (a) and (b) above. InsTrumenTs are avallable to measuré phySIC8| ‘
parameTeré of the ice-snow (e.g., SIPRE Snow Kit). !n adlelon two instru-
ments have been designed and constructed with which To obTain measures -of the
electrical properties of snéw énd icé.. These instruments providé a measﬁre

at both frequencies of operation of the radar and at 100 MHz using a simple
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-
Q-meter designed for this application (Figure 2). .The Q-meter wilj provide
measurements for the control or reference values and aleo the measuremenTAof
fine sTrdcTure of the snow andAice.(on the order of a wavelength), to determine
roughness characteristics. |

| As stated in the inTroddcfion, there e§isfs a need ToAdeTermine parTi4
cular characferisfics of‘ice and snow for ehvironmenfai resource sfudles.

Microwave measuremenfs, both - acflve and passive [e.g., 33, 34] have been .-

| applied to various aspects of the problem with overall encouraglng resulfs.,l'

In order to evaluate The pofenf|ad of imagery from microwave sensors, f

additional imagery is required with (a) pre-flight ground truth for planning,x

(b) simultaneous ground truth during the flight, and (c) carefdily'documepfed'

post-flight ground-’frdfh data from areas of interest identified on i‘l-'he
imagery.' A study of existing radar imagery covering ice and snow regions of
Lake Superlorl(Flgure 1) has shown several lnferesffhg features which have_noTA"
been adequately explained using aerlal phoTographs [35]. ‘SeVeral poesjbfel
explanations exist for +he observed! features. Two parflcular cases-wi[l be
discussed, although it is expecTed that the experlmenT wnll reveal other

intferesting facTs To add to the information obTalnable by proper |nTerpreTa+|on

.of radar 1magery

Case |:. The roughness of the scattering surface, defined in Terms of the

sensor wavelengfh deTermlnes the magnnTude of the backscaTTered power [36]
The scattering surface is defined as the first dISCOﬂTanITy within the med|a~

along the propagation path. The earth-air boundary is usually the soaffering'

~

surface for the radiation transmitted from an imaging radar system, airhough f

there are isolated sifuaTions where the scattering surface may not coincide

with the optical surface (e.g., dry soil above wet claysf. A measure of the

reflection coefficient [37] at a discontinuity can be obtained from a comparison

of the relative dielectric constant on each side of the discontinuity.
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Recall: (a) that fhe ihdex of refraction is related to the dielécfric
coHsTanT.g by q,='ff-(for afr'g = 1); (b) +he.ref[e§+ioﬁ is in excess of 50%
~ for waves incident normal To.a surface slope with £ = 10. The feflecffon :
coefficient is a function of the polarization. Thus, for‘values ofE’i? 4 the
reflection is very small and mosT of the 1ncnden+ energy is +ransm|T+ed across
the boundary to be reflected at the next surface’dlsconfxnU|Ty.
Measuremenfs of the relative dielectric constant of dry snow and lce

_[38 39] gives £<?4, so that Transm|SS|on into The subsurface medta can be -
~expected. An esT|ma+e of the propagation loss in a maferial can be obTalned
from a measure of The loss TangenT (tan § ) of the material. Again, with’
reference to meaéuremenfs m;qe on snow and ice [38], The values of.Tan‘S
obtained indicate that penetration on. the brder of mefersffor 3vcm'wéQeIengfﬁ i
is realized, with even grééfer penetration for The‘ZO_cm wavefengfhs. fhe
relaTionéhip,for the ffeld‘s+ren§+h E (i.e., THe_value;of the radiation from
the radar) at a given waveleng‘l'ﬁ A When propaga‘l‘iﬁg inA a medium wi‘l'h‘ IOss |

tangent Tan 9 and relaflve dlelecfrtc consTanT‘& is g|ven by

<ﬁ/'fan 1f')x

E(X) = E e

Examples of measufed values of tan S and &£ fbr snow are given in Téble 1.

Values for x4 given in Table | are such that:

. o |
E(Xd) = EO g
Temp . o Afem) ' tan $ B £ o X4 - -
-6°C _ 3 . 5 x 10 4 2 ' 10--m
30 0> 2 ~ 60m

Table |. Examples of measured values of tan A and £i for snow.
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An example of Fesﬁlfs obtained from one series of(ground TruTh‘meésure—
menTs for snow isvgiQen in Figure 3. Values of aensify,,TehperaTure, éﬁd'
dielectric constant are obtained relafive to the depth in fo Thé snow pack,
Avpif is dug and measurements are madé down the éhadowed side.in order to
minimize heating effecfs; 'Loss tangent values were also obTained bQT not
shown in Figure 3. | |

A éecond examplé of érouhd TruTh‘measuremenTs‘fo be uéed is gi?en'in
Figure 4. A plot of relative dielectric constant contours is shdwn,'obfainéd;
from measurements using the Q—mefér.degcribed aBove. The-grid is approximéfely'
3 by 3 meters, wifh éambles ob%ained at 30 cm incfemehfs..'Vélues,given were
obtained in new.snow about 15-20 cms deep over the ice surface Qf'Douglas _
Lake, Michigan. Fine séale meaéuremenfsbqan_bevhsed to defermfne-fhe rough;
- ness of the dielecfric variations. |

A second instrument iS used'Tb'provide>a meéSure of the eIéCTricaf
properties at the frequencfes of the imégfng radar, i.e., a+_approxima+ely
.3 GHz and 9.6 GHi. This instrument is i I lustrated schematically in Figure
,5‘ A solid sfafé source is provided at bofh_frequencies;' Powér is. coupled
through sloftted lfnes, one for each fkequency,_and +hen rédiafed_fhrough.simple
wavegui de énTennas. The sIdTTed-liné sécTions are Qsed'fq.ébfain a'meésure of
reflected power and phase éhifT when the anTehna_aperTﬁres»afe placea_on_The
surface of snow 6r ice. The comple%e'measuremenf sysTém fs moUhTed ina léfge
metal ground pléne, which is supporfédAaT each corner to avoid compressing

the snow.

Values of reflected power and phase shift can be u;éd fo obtain esTiméTgﬁ
of the elecfrical properties af the radar operating frequencies. Reduction of
the data is realized by obtaining an appfo*imafe‘solpfion for.The fadiafion.
admittance of the w?veguide antennas when radiating into a homogéneous or
layered media of particular dielectric values. This method of measuring

- electrical propérTJes is similar to techniques used for plasma diagnostics
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and electron aensify measurements., Although the technique is noT.exfremely
acéuraTe,.iT will provide a referenée'measurevbf the electrical propeffies
at the imaging radar frequencies. |t should aiso be pointed out that
the scattering is a volume effécT_for the siTua+idns considered.

By careful groﬁnd}frufh‘éfudies, it is expécfed that Thé vaEious'sfruc—
tures and features of the show and ice caﬁ be,éorrelaTed wifh backééaffer
characteristics (i.e., the radar image) and used as a basfs for inférﬁrefafién.
Case‘[l: The sécond case will make use of the cross—polarizaffon ratio Q
as measured by the rédar systems in addifion}To the roughness characteristics.
Ideally, one would want to obtain a measure of Q as a'funcfion of angle
as dichssedAabove. Thjs can be accomplished TQ some degree with an imaging
radar.buf requires two or morevimaging‘paSSes'over'fhe area of interest to -
obtain Thé muITiﬁle ook angle. This is ijlusfrafed in Fignre 6, and is
similar Té a scheme féf stereo radar [40]. (It is boinfed out, as a ﬁaTTer
of interest, ThaT_a'radar technique is available that can proviae.hUITi—aﬁgle
| ooks sfmulfaneousfy over a fairly wide fange of inéidenT angleé from normal
to 45° [41]. The fiéld of view of Thfs SysTem isvsihilar to that of infrared
and pHofographic systems:) | | |

Values of the cross-polarization raTioIare dépendenfiupon (é) The sldpés'
of‘The scattering éurface, (b) the Freshél reflection Coéfficien?s,,andl(c)
geometry [42]. The Fresnel coefficients are dependent on the dfelecfrig‘
constant of the reflecting material. Measures of'Q obtained from Thevradar
measuremen+s when correlated with the radar imagery will "pin point" fhe area
of interest within the resolution element of the radar. Grouhd Truth wilT
be obTained,.using techniques described above, and corrélaTioﬁs made.

The objective of "Case I!I" ié To.obfain the polarization éhafacferisfic:

signatures of the various ice-snow Types-ahd distribution, -
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Conclusionsvand Future Work

The research scheme in fofo was outlined above, and it was noted that rnis
paper is concerned only with parts (a) and (b). That fs;'oan we adequately
conduct our ground fruth and, if so, cen.we detect oharacTerisTio signatures
for the various types of ice and snow of interest? _By Types.of ioevand show,
the concern is not only for fresh water ice.(e.g.,:black ice, white ioe, slush,
etc.) buT also: for sea ice.(offen defined as first year, annual, polar,.efc.).

'As concerns snow, the variations in densufy, moisture content, sTrucTure, and -
‘depth are all of major: xmporTance To persons concerned with pred1c+|ng sTream
runoff from snow covered hydrologic basins. An introductory dISCUSSIon of
the variables and problems in suoh sTudiee is avallable [43].

The scheme of quanflflcaflon of ground TruTh for aid in |n+erpre+|ng
imaging-radar remote-sensing data has been briefly dlscussed AIThougn iT is
recognized‘Thaf numerous problems will be encounTered, and.Thus demand soluTnons,
it is felfifhaf to conTinue to concern ourselves primarily_nifh the +heory_andr
thus avoid the real-world condffions would be to fefl to discover insighfs.
into some of the data which are available on radar Tmagery. it ie.nof difficult
to see the obvious perallels between the type of work reporTed here (and the
echeme of whicn it is a larger part) and the developmenf of the inferprefafion
of aerial phoTographic and mulTi—specTraf scanner.dafa. What makes radar

.somewhat unique is the factT ThaT it is active. [t also VieWs‘rheIWOrld aTvr
enanely dlfferenf wavelengfhs, these are very Iong wave lengths Wthh have

The ability To penetrate fo some depfh below the opfucal (visible) surface

and +hus jdentify subsurface srrucfuree. o _ e

In addition, it is reoognizedlfhaf, with the present rapid rise_in_fhe
use of remote sensors and the speed with which they are able'To:coilecT‘daTa

and present it fo the inTerpreTerS,'There is a continuing Serious.problem of a
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dafé overload which is enTirer_beyond the capabilifiés ofAhumah manipulfation.
Hence, we encquﬁfer the problem of machine anaJysfs. This problem Has been
and is conTinually being attacked; in many cases, it has been'reéolved [44J,’- .
However, prior to determining the ulTEmaTe algorifhm for macﬁine analysis of';
rédar imagery, it is obviously hecessary to obTain a set of “spec+ralisfg—
natures'" from the various surfaces which are of primary interest te.g., 45].
- In this baper, the appiicéfioh.of the method for ice and snoQ has beéh_fhe méjor
sfreés; however, it husf_be recognized}fhaf_fhese'sﬁrfaces were selected for
- rather selfish reésons——fhey.closely aﬁproach Theiisofropic pIane wﬁich:géo;
graphers often discuss.  ThaT‘is,Awe_effec+iveLy remove much of the surfaée ;fv
roughness.and are Thus-éﬁle'To empirically approach‘fhe'problem of the effect
of dielectric constant on backs¢a++ering of radér ehérg?. ‘ | |
| Ackﬁow!edgéhenfs' : | »

This present work wés conaucfed undef a NASA ConTrac+ (NAS5—217835 és
a por%ion of the ERTS(I)'program. The Thrusf of Thié parTi;ular con+rac+ fé
to s+ﬁdy the relation between information from.ERTS(lﬁ_and airborne radar |
data as concerns ice and;snow in the upber Grea+ Lakes; The ‘authors QiShiiAQ
to thank Dr. M.G. Marcus, Bt Héack,vand B; Benjéyjfor +heir»ﬁelp-in’The f

field.
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FIGURE 4.

1§

Contour Plot of Relative Dielectric Constant Values Obtained in

in New Snow over Lake Ice. Measuremenfs,Made February, 1973,
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